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INTRODUCTION 

Significance 

Breast cancer continues to be a prevailing disease among women in the United States. 
Though numerous models for breast cancer have been developed, the etiology of the disease 
remains obscure. Transgenic mice technology has been successfully used to target oncogenes to 
the mammary glands so that the role of these oncogenes in the development of breast cancer can 
be better understood. However, the constitutive expression of the oncogene does not allow for 
the assessment of critical time points at which the mammary glands are most susceptible to 
oncogenesis. Thus, it is most imperative that an inducible system be established to turn genes on 
and off, rendering it feasible to define the role of a candidate oncogene in mammary gland 
oncogenesis. 

A novel inducible bitransgenic mouse system is being generated to meet this goal. It is 
made up of two lines of mice. The first line of mice, the regulator mice, carries a chimeric 
transcription factor that is activated by an exogenous.ligand. The chimeric regulator consists of 
three functional domains: an activation domain from HSV-VP16, a Gal4 DNA binding domain 
and a truncated progesterone receptor ligand binding domain which binds anti-progestins 
(i.e.RU486) but not endogenous progestins. This line of regulator mice is targeted to the 
mammary gland via the MMTV promoter. The second line of mice, the target mice, carries an 
oncogene under the control of four yeast transcription factor Gal4 binding sites (referred to as 
17X4) to which the regulators bind. Two minimal promoters have been chosen for the target 
genes, namely, the E1B TATA and the TK promoter. When these transgenic lines are crossed to 
create the bitransgenic mice, the activated regulator can then bind to the 17X4 Gal4 recognition 
sequences upstream of the target oncogene and induce the expression of the target oncogene 
upon the administration of RU486. The expression of an oncogene in the bitransgenic mice can 
be induced by RU486 at specific windows during development, and the effects of this oncogene 
on mammary gland oncogenesis can be monitored. With this system, one can also study the 
interaction between hormones and the target oncogene during mammary gland development. 

Based on the fact that the int-2 target mice can be activated by transcription factors 
harboring the Gal4 DBD to induce hyperplasia in the mammary gland [1], we first crossed our 
expressing regulator mouse to the 17X4 fgf-3/int-2 target mouse generated by Ornitz [1] to test 
the functionality of our inducible system. Surprisingly, our bitransgenic mice developed 
mammary hyperplasia and tumors in the female and reproductive tract disorders in the male in 
the absence of RU486. Although these results indicate that our system is leaky, we can still 
utilize this model to study mammary tumorigenesis as induced by int-2/fgf-3 as this gene is 
biologically relevant to the human condition.    The success of our system will have a far- 
reaching impact in the understanding and for the ultimate goal of combating breast cancer. 



BODY 

Summary of previous work 

Since this is the final report covering our research for the period of September 15, 1994 to 
September 14, 1998, we will briefly reiterate our results over the course of our funding. 

Our initial attempts to generate the MMTV-GLVP transactivator (regulator) lines 
expressing the regulator in the mammary glands detectable by Northern analyses were not 
successful. These mice expressed the regulator detectable only by RT-PCR using specific 
primers flanking an intron (Figure 1). We attributed the low expression of the regulator to the 
presence of 275bp of pBR322 plasmid sequence in our microinjected fragment. To circumvent 
this problem, we generated two improved regulators the MBGH and BHMM devoid of this 
plasmid sequence (Figure 2). In addition, based on the finding that placing the VP16 activation 
domain at the C-terminus of our regulator and extending the length of the ligand binding domain 
of progesterone receptor resulted in a more potent transactivator [2], we generated another new 
regulator line, MVPC (Figure 2). Having verified the functionality of these regulators in their 
ability to transactivate a Chloramphenicol acetyltransferase (CAT) reporter (Figure 3) in transient 
transfections in CV1 (monkey kidney) cells, we proceeded to generate transgenic mice. 

Since the expression of the regulator could only be detected in the MBGH line 6219 by 
Northern analyses (summarized in TABLE 1), we tested the ability of this line to activate the int- 
2/fgf-3 target mice kindly made available to us by Dr. Phil Leder [1]. Unfortunately, we failed to 
detect any expression of the int-2/fgf-3 target gene in the presence of RU486 by Northern 
analysis or by the more sensitive Ribonuclease protection assay (RPA) (Figure 4A and 4B). 
Furthermore, we observed that the size of the regulator mRNA is much larger than that of a 
positive control RNA sample isolated from a functional lung regulator (Figure 5). We were able 
to exclude the possibility of intron inclusion (data not shown). However, the underlying cause for 
the anomalous size is not well understood. 

To minimize the effects of integration, we created a new HMMB transactivator by 
inserting a 2.4 Kb dual-copy fragment of the chicken b-globin gene insulator (HS4) fragment [3] 
at the 5' end of our regulator under the control of the MMTV promoter and the bovine growth 
hormone polyadenylation signal (Figure 6A). Having sustained the functionality of this regulator 
in the transactivation of a luciferase reporter in transient transfections in T47-D cells (Figure 6B), 
we proceeded to generate transgenic mouse lines. We were able to generate a HMMB 9478 line 
that expressed the regulator at the expected size (Figure 7 and Table 2). Southern analyses also 
demonstrated that the founder was able to pass the transgene to its progeny in a Mendelian 
fashion (data not shown).   We have since concentrated our efforts on this regulator line. 

Work performed from October 1997 to October 1998 

Characterization of the HMMB regulator line 

To assess the specificity of HMMB expression in transgenic mice, RNA isolated from 
different tissues of both male and female mice were subjected to Northern analyses. As shown in 



Figure 8 and summarized in Table 3, the regulator is expressed predominantly in the mammary 
glands in the female and in the ampullary glands in the males [4] but not in various parts of the 
prostate, anterior prostate (AP), dorsal-lateral prostate (DLP) or ventral prostate (VP), as 
previously reported [1, 5]. It is observed that the Harderian glands (HG) of both sexes also 
express the regulator transgene (data shown later). Furthermore, the transgene is expressed in the 
epididymi, vas deferens and also seminal vesicles (data shown later). These results indicate that 
we have a specific regulator line that should prove useful for our studies. 

Profile ofHMMB regulator expression during mammary gland development 

The expression of MMTV-driven transgenes are expressed constitutively. It is usually 
low at the virgin stage and increases throughout pregnancy. It peaks at lactation and falls during 
involution to levels similar to that of the virgin stage. Other factors that can affect this profile of 
expression include integration and chromosomal effects. 

To verify this observation, total RNA isolated from transgenic mammary glands at 
various stages of development were analyzed by Northern analysis. As shown in Figure 9, the 
levels of the HMMB regulator remain relatively similar throughout the virgin periods and peak 
around the lactation phases which agree with the published reports of MMTV-driven transgene 
expression. It is important to note that the levels of the regulator are detectable by Northern 
analysis. This will ensure that sufficient regulator proteins can be made and target gene 
expression can be induced in bitransgenic mice with RU486 treatment. 

Generation of bitransgenic mice 

Since we had easy access to the int-2/fgf-3 target mice, which had also been proven to be 
inducible [1], we tested the ability of the HMMB regulator to activate the int-2/fgf-3 target. We 
bred the HMMB 9478 female founder to a male int-2/fgf-3 homozygous target and were able to 
obtain a bigenic female #392. The #392 bitransgenic female developed normally through 
pregnancy. Upon parturition, all her pups died without milk in their stomachs. This fact is 
compatible with the finding by Ornitz that the overexpression of int-2 in the mammary glands 
resulted in failure of lactation [1]. Her mammary glands appeared swollen exhibiting a classic 
case of mastitis due to the failure to release milk that is produced. A couple of unique wart-like 
structures (WLS) were also seen projecting out from her nipples. Gentle squeezing of the 
mammary glands did not reveal any milky exudate. 

Based on these observations, we reasoned that the observable phenotypes might result 
from leaky expression of the int-2/fgf-3 target gene in the absence of RU486 administration. It is 
known that the int-2 target mice are silent in the absence of any transactivator [1]. Thus, the 
leaky expression is probably due to the ability of the regulator to activate the target gene in the 
absence of RU486. 



RU486 studies on the #392 bitransgenic mouse 

To determine if an upregulation of int-2/fgf-3 gene expression could be observed in the 
presence of RU486, we obtained mammary gland biopsies from the same animal before and after 
RU486 treatment for molecular and histological analyses. 

On day 3 after the #392 bitransgenic female had given birth, a right 4th mammary gland 
wholemount was obtained. A tumor mass attached itself to the body wall and seemed to 
originate from the right 4th mammary gland. We resected that tumor and the associated masses 
from the right 5th mammary glands for RNA analysis. The wart-like structures (WLS) that 
extended from the nipples of her left 2nd and 4th mammary glands (Figure 10 panel A) were also 
resected and processed for fixation. Since we only had one female bitransgenic mouse, we used 
these samples as control (i.e. before RU486 addition). She also had a salivary gland tumor on 
her left cheek. 

A dose of 250ug/Kg bodyweight of RU486 in sesame oil was administered to the bigenic 
female by intraperitoneal injection for 3 consecutive days (day 3, 4 & 5 after parturition) and the 
animal was sacrificed 12 hours following the last injection. As shown in the panel B of Figure 
10, she still possessed mammary tumors. The left 3rd and 4th mammary glands were processed 
for wholemount analysis and the rest of the mammary glands were used for RNA analysis. All 
these tissue samples fall into the experimental group (i.e. with RU486 administration). 

Histology of the tumors 

Mammary gland wholemounts 

We processed the mammary gland wholemounts by Carnoyis fixation followed by 
carmine staining and performed histological analysis after clearance by xylene. As depicted in 
Figures 11 A & B, wholemounts of the right 4th mammary gland (R4MG-WM) at dpp 3 without 
RU486 addition clearly demonstrated the presence of a mammary tumor (*). The lymph node 
(#) was denoted for orientation. The fatpad (FP) was not completely covered by the terminal end 
buds (teb) as the animal was only 7 weeks old. After RU486 treatment (Figure 11C & D), a 
wholemount of the left 3rd mammary gland (L3MG-WM) still showed regions of dense epithelia 
packing reminiscent of the lactation phase. Also evident were terminal end buds (teb). Since her 
pups died, involution had already begun and the wholemounts did not show the denser epithelia 
packing evident in the right 4th mammary gland. 

Paraffin sections of the mammary glands 

To allow for a better appreciation of the cellular morphology of the mammary gland, the 
mammary wholemounts from controlled or RU486 treated samples were embedded in paraffin 
for sectioning at 6um thickness followed by Hematoxylin and Eosin staining. 

Without RU486 treatment: The tumor (*) above was resected from the right 4th 
wholemount and histology analyses were performed. As depicted in Figure 12A, densely packed 
mammary ducts (md) interspersed with collagen and blood vessels (bv) were clearly evident, 



while normal morphology was absent. These manifestations indicated that the tumor was of 
relatively high grade. A R4MG wholemount section (Figure 12B) showed islands of hyperplasia 
(hyp) around normal adipose tissue (ad) and collagen stroma. The mammary ducts (md) were 
also densely packed. 

With administration of RU486: Sections of the L3MG, shown in Figure 12C & 12D, 
displayed varying grades of hyperplastic growth (hyp) amidst normal adipose tissue (ad). 
Deformed mammary ducts (md) interspersed with collagen stroma were also highly evident. The 
heterogeneous manifestations were indicative that the regulator expression was not completely 
homogenous in the mammary glands. We could not determine if the addition of RU486 enhances 
hyperplasia and tumor formation under our experimental conditions. 

Wart-like structure section 

Examination of the wart-like structures (WLS) revealed that they were outgrowths from 
the mammary gland. The diagnostic epithelial architecture of the skin was evident at the outer 
boundary of the structures (Figure 13A-D). Internally, mammary ductal structures (md) together 
with numerous blood vessels (bv) were observed. Once again, varying grades of hyperplastic 
growth (hyp) were detected. 

These histological analyses convinced us that hyperplastic and tumorigenic growth were 
present. It was likely that the cause of these pathological manifestations was the result of 
regulator-activated int-2/fgf-3 expression since neither the HMMB 9478 founder nor the 17X4 
int-2/fgf-3 lactating females displayed any anomalies. To ascertain whether these manifestations 
were the direct result of regulator induced int-2/fgf-3 expression, Northern analyses were 
performed on the tumor samples. 

Molecular analysis of the expression of the regulator and the target int-2/fgf-3 genes 

We isolated RNAs from the mammary gland tumor, salivary gland tumor, liver, spleen 
and normal salivary gland and used them for Northern analysis. We probed separate Northern 
blots for regulator and int-2/fgf-3 target gene expression. As shown in Figure 14A, the regulator 
was highly expressed in the mammary gland and in the salivary gland tumors but not in the liver, 
spleen or the normal salivary gland. The levels of the regulator did not change with RU486 
treatment. 

The expression of the int-2/fgf-3 target gene mirrored that of the regulator indicating that 
the regulator was responsible for activating the int-2/fgf-3 gene (Figure 14B). Judging from the 
GAPDH and cyclophilin RNA normalization, we could see a very slight induction of the int- 
2/fgf-3 target gene with RU486 administration. Since the levels of the int-2/fgf-3 transgene were 
already very high in the absence of RU486, our experimental conditions did not allow us to 
convincingly measure any further increases of int-2/fgf-3 expression with RU486 addition. 
Based on the finding that neither the 9478 female founder nor any of the int-2/fgf-3 target 
females displayed any palpable tumors during parturition and the fact that tumors had arisen only 
in the bitransgenic female, we are confident that these tumors are resulted from regulator 
dependent activation of int-2/fgf-3 gene expression. 



Collaborating events for rapid tumorigenesis 

The kinetics of tumor formation exhibited by our bitransgenic mice over-expressing int- 
2/fgf-3 in the mammary gland, however, is not compatible with published results[l, 5].   It has 
been previously shown that the ectopic expression of int-2/fgf-3 in the mammary gland generated 
hyperplasia but tumors formed only after a prolonged period of time in the endogenous and 
exogenous MMTV-free fvb strain of mice [1,5].   Our rapid onset of tumor formation might 
result from potential cooperative event(s). One possibility is that int-2/fgf3 might collaborate 
with int-l/wnt-1 [6,7] or wnt-10b [8] to induce tumor formation in the bigenic mice. To 
investigate this possibility, Northern analyses were performed to examine the expression of wnt- 
1 and wnt-10b in the bigenic mice. We failed to detect either wnt-1 or wnt-10b expression in the 
mammary glands, salivary glands, spleen and liver of the bigenic mice, suggesting these two 
genes are not involved in synergistic induction of tumor formation (data not shown). Another 
possibility was that our mice strain contained an exogenous MMTV infection. When the bigenic 
female was born, she could be horizontally infected by milk-borne MMTV virus when nursed by 
the founder mom.   These MMTV viruses could infect mammary cells and the proviral DNA 
could then integrate close to certain cellular gene(s) to activate them to collaborate with the int- 
2/fgf-3 gene in the mammary glands. This possibility could derive from the C3H genetic 
background of our regulator mouse line since C3H strain has been implicated to harbor MMTV 
virus. To entertain this possibility, male HMMB regulators were crossed to female fvb int-2/fgf- 
3 target mice. Since the bitransgenic females generated in this fashion still developed tumors 
rapidly, it is unlikely due to the above hypothesis. Instead, it suggests the presence of a potential 
modifier gene specific for the strain of our bigenic mice which interacts epistatically with the int- 
2/fgf-3 transgene. 

Difficulty in generating bitransgenic mice 

A number of breeding pairs consisting of female regulators and male int-2/fgf-3 target 
mice and vice versa were set up to generate bitransgenic mice for the sole purpose of 
recapitulating the tumorigenic event.   The int-2/fgf-3 target mice were homozygotes and the 
HMMB regulators were mostly heterozygotes. Upon breeding the two lines of mice, bigenic and 
monogenic targets should be obtained. However, after more than 5 months of breeding, we have 
only obtained one bitransgenic male. 

We also noticed that the litter sizes were smaller than expected at weaning (TABLE 4). 
Moreover, none of the weaned mice were bitransgenics with the exception of a female analyzed 
previously (#392) and a male bitransgenic mice. The reduction in numbers of bigenic mice at 
weaning prompted us to investigate the cause of potential early death. Two most likely scenarios 
are: First, the early death was associated with embryonic lethality. Second, the bigenic pups died 
after birth. We began in earnest to distinguish between the two possibilities. H and I in 
parentheses denote HMMB and int-2/fgf-3, respectively. 
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Analysis of new-born pups 

Genotypic and sextypic analyses 

The easier option to rule out first would be to examine if there was post-partum death 
associated with the bigenic pups. In this case, the genotypic analysis can be carried out without 
sacrificing the moms. As summarized in TABLE 5, we obtained bitransgenic mice of both sexes 
based on genotypic and sextyping analyses of tail DNA from 1 day-post-partum (dpp 1). This 
observation thus rules out the embryonic lethality issue. Genotypic analyses were performed 
using primers specific to the regulator and sextyping were performed using the specific primers 
directed against the SRY gene on the Y chromosome [9]. The 4-digit code represented the 
different mice used. I and H in parentheses denote the int-2/fgf-3 and HMMB mice respectively. 
In the nomenclature used here, females were listed before the males. 

Morphological analysis 

It is also noteworthy that the bigenic pups develop exaggerated bulging eyes at dpp 3 
which have not been seen in their monogenic target littermates. This is clearly manifested in a 
single representative bitransgenic male (A3) as shown in Figure 15. At this age, the eyelids were 
still fused and the mice were blind. Since the first incidence of this observable characteristic, we 
were able to observe this phenotype with 100% penetrance in the bitransgenic pups generated 
from other breeding pairs (Table 5, Eye column). However, these bitransgenic pups generally 
die between dpp4 and dpp7. Near the time of death, the pups appeared dehydrated and they did 
not have milk in their stomachs. The only exceptions to this rule were the 8 bitransgenic 
escapees obtained from a cross between homozygous int-2/fgf-3 female and HMMB regulator 
breeding pair. It is not certain why they were able to survive, but the disparate genetic 
backgrounds of these mice could be an explanation. 

To conclusively rule out that there are no bitransgenic mice present at weaning, PCR 
analyses were performed on the survivors. As expected, none of the surviving mice were 
bitransgenic (data not shown). Thus, this finding explains the paucity of bitransgenic mice at 
weaning previously observed. Only rarely were bitransgenic escapees observed. 

Histological analysis 

To find out if there were any developmental anomalies associated with the bitransgenic 
condition, monogenic target and bitransgenic pups at dpp 3 were sacrificed and their heads 
prepared for paraffin sectioning. Representative sections of the head with their associated eye, 
nose and brain portions are shown in Figure 16. The bitransgenic head section (panel A, BG) 
showed possible hydrocephaly in the brain and engorged regions between the cornea and the 
eyelids when compared to the monogenic sections (panel B, TGT). Further evident were the 
thinner skull and skin sections observed in the bitransgenic head probably due to the stretching of 
the skin to accommodate the accumulation of fluid (panel A). A cursory observation also 
indicated that the brains of the bitransgenic pup were somewhat squashed and appear off-center 
(panels C & E) when compared to the monogenic target sections (panels D & F). Higher 
magnification sections of the eye reveal no apparent defect in the lens, iris and cornea of the 
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bitransgenic pup (Figure 17A, C & E) when compared to the monogenic control (Figure 17B, D 
& F) with the exception that the region between the cornea and the fused eyelids were hugely 
engorged in the bitransgenic. The skin covering the bitransgenic eyelids also appeared to be 
thinner. 

A possible explanation for the engorged eyes could be excessive secretion of glands in 
the eye or the absence of a drainage system. Since it is known that MMTV-driven transgenes 
also express in the Harderian gland [10], a structure found behind the eye, it is likely that the 
regulator is expressed in this organ in the bitransgenic mice. Therefore, the expression of the int- 
2/fgf-3 gene can then be activated. Since it is known that the int-2/fgf-3 protein can be secreted, 
it is possible that this protein can exert its effects through paracrine signaling [11,12]. Evidence 
that support the expression of the regulator in the neonatal Harderian glands came from 
observations that these glands are hyperplastie in the bigenic pups (Figure 18A and B) and more 
densely packed than those in the monogenic pups (Figure 18C and D). 

Generation of viable bitransgenic mice 

Since the background of the int-2/fgf-3 mice is constant, i.e. fvb, the factor(s) 
determining whether a bitransgenic mouse may be viable probably lies with the regulator. This 
is so because the regulator is made up of mixed backgrounds (i.e. agouti, black and white) and 
any of the modifiers can potentially attenuate the bigenic mice and limit their viability. We next 
tested if crossing each of the different-colored regulator mice with the constant int-2/fgf-3 fvb 
targets could generate viable bitransgenic mice. We found that the greatest proportion of 
bitransgenic mice that would survive through weaning arose from crosses between the white 
regulator and the int-2/fgf-3 target mice. This is likely contributed by the ICR genetic 
background of these regulator mice. These modifiers could very well antagonize the effects of 
the int-2/fgf-3 or attenuating modifiers and alleviate these latter effects in the surviving bigenic 
mice. 

To effectively enhance the number of bigenic mice for analyses, we have concentrated 
our efforts to generate homozygote HMMB regulator mice and use these to breed with the int- 
2/fgf-3 homozygote target mice. In this instance, all the mice born will be bigenic heterozygotes 
containing one copy each of the regulator and target transgene. 

Recapitulation of mammary hyperplasia and tumors 

The viable bigenic mice (both males and females) probably represent mice that had 
somewhat attenuated defects between the dpp4 to dpp7 period that allowed them to bypass 
perinatal lethality to progress through weaning and maturity. As mentioned previously, 
modifiers, strain and penetrance of transgene expression could all be contributing factors. 
Nonetheless, both the male and female bigenics succumb to developmental disorders upon 
maturity. 

Nevertheless, when the female bigenic escapees were analyzed at 8 weeks of age a 
number of them displayed abnormal wart-like structures in their nipples at varying stages of 
development (Figure 19A-D). Sectioning of these structures revealed similar morphologies to 
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those previously described (see Figure 13A-D). These are peculiar structures as they do not 
appear in monogenic target or regulator mice, implying that they are perturbations as a result of 
regulator-activated int-2/fgf-3 expression. Indeed, Northern analyses of these structures revealed 
both regulator and target expression (Figure 20). Interestingly, they have not been observed in 
the int-2/fgf-3 transgenics published thus far [1, 5]. 

Preparation of the bigenic mammary glands for wholemount analyses revealed equally 
striking features. The 9-week-old bigenic mammary ductal tree possessed abnormal terminal end 
buds and cystic ducts (Figure 21 A) when compared to 8-week-old monogenic target (Figure 21B 
and C), regulator (Figure 21E & F) or wildtype (Figure 21D) mice. In the latter three, the 
mammary ductal tree displayed polarized growth with the ductal tree growing from the nipple 
past the lymph node into the body cavity. On the other hand, the bigenic mammary glands 
depicted a loss of polarized growth and accumulated as hyperplastic foci, and the ductal tree did 
not proceed past the lymph node. Since the int-2/fgf-3 gene mainly functions in the middle ear 
and the tail during embryonic development and is not expressed in the adult mammary glands 
[13], it is likely that the ectopic expression of this gene results in inappropriate signaling, leading 
to the observable abnormalities. In addition, the difference in strains used to generate these 
transgenic mice coupled with the extremely high levels of int-2/fgf-3 expression could also 
explain the manifestations of these abnormalities. 

Upon bringing a bigenic female through pregnancy and lactation, the bigenic mouse 
displayed tumors, wart-like structures (papillomas) and mammary hyperplasia as previously 
described for the #392 bigenic female (Figure 11).   Since this bigenic female was derived from a 
cross between an int-2/fgf-3 female and a male HMMB regulator mouse, the rapid kinetics and 
similarity of tumor formation seem to argue against any MMTV-induced collaborating events. 
Sectioning of the tumors again revealed very similar tumor types (Figure 22A-C). In addition, 
numerous neutrophils (boxed in Figure 22C and enlarged in 22D) were detected , suggesting an 
acute infection (mastitis). As previously mentioned, it was most likely that the levels of int- 
2/fgf-3 expression are enormously higher than that needed for tumorigenesis. Though we did not 
have the opportunity to compare the levels of int-2/fgf-3 between our mice and those of from Dr. 
Phil Lederfs lab [1, 5], we assume that the expression of the int-2/fgf-3 transgene in our mice is 
much higher than theirs based on the rapid tumorigenesis. Moreover, the stage in mammary 
development when the transgene is first turned on is also an important determinant and predictor 
of phenotypes [14-16]. It is possible that our bigenic mice had a more extended int-2/fgf-3 
expression profile due to an earlier expression of the MMTV-driven regulator as evidenced by 
the Harderian phenotype. 

Analyses of the mammary gland wholemounts of bigenic mice through different stages of 
mammary development, including virgin, lactation and involution (Figure 23A-G) revealed that 
the mammary ductal tree fails to grow past the lymph node. Even at a month subsequent to 
involution (Figure 23G), the mammary glands still possess dense regions of hyperplasia. 

Taken together, our results demonstrate that ectopic over-expression of int-2/fgf-3 in our 
bitransgenic mice leads to rapid induction of mammary gland hyperplasia and tumorigenesis. 
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Reproductive tract abnormalities in bigenic males 

The bigenic males first showed evident abnormalities between 6-8 weeks of age. They 
seemed to possess a larger scrotum than age-matched monogenic targets and regulators. 
However, they did not display any wart-like structures from their mammary glands possibly 
because their mammary glands have regressed during development, and the expression of the 
regulator in these organs was also much lower than those seen in the bigenic females. Thus, high 
levels of expression of the int-2/fgf-3 transgene were not detected in the mammary gland of the 
male bigenics (data shown later). 

Dissection of more than 7 bigenic males revealed abnormal reproductive tracts. The most 
obvious perturbations were the enlarged, cystic and hemorrhagic vas deferens (Figure 24E) and 
epididymi (Figure 24D) which at first glance resembled the large intestine. The seminal vesicles 
appeared discolored when compared to those from the monogenic target mice (Figure 24B). 
Also greatly exaggerated in the male bigenic mice were the ampullary glands that represented 
approximately 10X the size of those in the monogenic target mice (Figure 24A). Dissection of 
the various parts of the prostate: dorsal/lateral, ventral and anterior portions revealed no 
abnormalities at the gross level. The testes (Figure 24C) and bladder (Figure 24F) appear grossly 
normal. 

Northern analyses performed on RNA isolated from these organs showed intense 
expression of both the regulator and int-2/fgf-3 transgene (Figure 25). Once again, the 
expression of the target mirrored that of the regulator. These results implied that similar to the 
phenotypic alteration observed in the bigenic females, activation of the int-2/fgf-3 transgene 
occurred in the absence of RU486. These results support the previous findings of Donjacour et 
al. [4], indicating that the expression of MMTV-driven transgenes is targeted to Wolffian duct 
derivatives (i.e. vas deferens, ampullary glands, seminal vesicles) [4] unlike those of the 
urogenital sinus as previously reported [1,5]. 

Histological analyses of afflicted male organs 

Ampullary glands 

The ampullary glands are organs associated with the prostate but are derived from 
different progenitor cells. Unlike the prostate, which is derived from the urinogenital sinus, the 
ampullary glands develop from Wolffian ducts [4]. They are believed to be organs that function 
in secretion just like the prostate. In the mouse and rat, they are located at the base of the vas 
deferens. These organs are not present in human beings. 

Histological analyses of the ampullary glands of the bigenic male (Figure 26C-26F) 
showed dramatic hyperplasia of the epithelial cells and the appearance of dilated ducts when 
compared to those of the monogenic target (Figure 26A and B). In addition, the epithelial cells 
also show a greater degree of infolding into the ducts. 
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Vas Deferens 

The vas deferens of the bigenic mice (Figure 27C and D) at the histological level revealed 
hyperplasia and showed more infolding of the epithelial cells into the lumen of the ducts than 
that of the monogenic target reminiscent of the seminal vesicles (Figure 27 A and B). Moreover, 
there is also a reduction in the muscular layers in the bigenic sections. The ducts are also very 
dilated, cystic and hemorrhagic (red coloration). In contrast, the monogenic sections appear 
normal with the appropriate cellular and muscular layers, and the lumens also show secretions. 

Epididymi 

Histological examination of the epididymi of the bigenic mice depicted enlarged lumens, 
increased epithelial infoldings and hyperplastic cells (Figure 28C and D). Reduction of the 
muscle layers was also evident when compared to the monogenic target sections (Figure 28 A 
and B). Furthermore, there were also fewer ducts with seminal secretions in the bigenic sections. 

Based on these observations, we are convinced that the male reproductive perturbations 
are the result of the int-2/fgf-3 over-expression. These effects are specific, because we only see 
them in the bigenic mice but not in the monogenic target or regulator mice (organs analyzed 
grossly). Unfortunately, the regulator is active in the absence of RU486 and the int-2/fgf-3 
transgene is activated in the absence of RU486 in the bigenic setting. 

Induction of other targets 

17X4 PyT targets 

Even though our regulator is active in the absence of RU486 and hence can activate the 
int-2/fgf-3 target transgene in bigenic mice, it is nonetheless functional. With the appropriate 
matchmaking between our regulator and targets available at our disposal, we believe that we 
could still generate an inducible system. 

The polyoma middle T antigen (PyT) is a very potent oncogene that generates multi-foci 
mammary tumors with widespread metastases to the lungs in transgenic mice when driven by the 
MMTV promoter [17]. Since our original intent was to develop a regulatory model of polyoma 
middle T antigen (PyT)-induced mammary tumorigenesis, we tested the ability of the HMMB 
regulator to induce the PyT target transgene in bigenic mice. We crossed our HMMB regulator 
to the two 17X4-TK-PyT targets to generate bitransgenic mice for our studies. We have decided 
to concentrate on just the PyT system in an effort to reduce the cost of animals and thus 
abandoned the Ha-v-ras endeavor. 

The 5988 line is a high-copy line while the 5989 line contains low copies of the target 
transgene. We have previously analyzed these lines for any leaky expression of the target gene 
in a number of tissues by RT-PCR and have shown that the 5988 line appears to be the leakier of 
the two (TABLE 6). Unfortunately, we were unsuccessful in activating the expression of the 
PyT target transgene in the presence of RU486 with the HMMB regulator in bigenic mice 
harboring both these transgenes (data not shown). It is possible that since the potent PyT 
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transgene can cause embryonic lethality [18], we were selecting for transgenic founders that 
survive but the integrated target transgene cannot be induced. These PyT transgenes are 
probably integrated in regions of the chromosome that are not accessible for activation. Since 
these transgenes are placed under the control of only the thymidine kinase promoter and Gal4 
DNA binding sites, they may have acted as enhancer traps that are negatively selected for. When 
they are integrated in accessible regions, the transgenes get turned on and the embryo dies. Thus 
the surviving founders that harbor the transgene are likely the ones that cannot be induced to 
express. The finding that we have obtained only two founders out of more than 50 potential 
founders seems to strengthen our hypothesis. 

17X4 Tag targets 

We have also tested the ability of the HMMB regulator to activate the 17X4 large T 
antigen (Tag) mice, generated by Dr. Francesco DeMayo at Baylor, in the mammary glands in 
female bitransgenic mice. Unfortunately, once again, we were unsuccessful in activating the 
expression of the Tag target above any basal levels of expression. The basal levels of expression 
have been ascribed to leaky expression of the Tag transgene in endothelial cells of blood vessels 
in the mammary glands. Since the HMMB regulator is not targeted to these cells, induction of 
the Tag transgene can not take place (unpublished data). 

ONGOING EXPERIMENTS 

The following proposed on-going experiments are designed to characterize the int-2/fgf-3 
induced tumors in the mammary gland. 

Immunohistochemical analyses 

To confirm that the hyperplastic and tumorigenic cells are indeed epithelial in nature, 
paraffin sections of bigenic mammary glands will be subjected to immunohistochemical staining 
with the appropriate cytokeratin antibodies. Cytokeratin 18 antibodies recognize luminal 
epithelial cells while the cytokeratin 14 antibodies recognize myoepithelial cells. 

To assess if the hyperplastic and tumorigenic cells show greater proliferation potential, 
they will be stained for PCNA and BrdU incorporation. These sections will also be analyzed for 
any increased in cyclin Dl or cyclin E staining. In human breast cancers, the overexpression of 
cyclin E and the under expression of p27 signal poor prognosis. We would like to examine if 
this is the situation at play in our bigenic sections. 

Analyses of cell cycle proteins 

To get an appreciation of any molecular perturbations that have arisen by the 
overexpression of the int-2/fgf-3 transgene in the mammary glands, RPA analyses for the 
expression of cyclins and cyclin-dependent kinase inhibitors will be initiated. 
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Analyses ofFGF and FGFRs 

Fgf-7/KGF was identified as an upregulated gene in int-2/fgf-3 mammary tumors by 
Kitsberg et al [11]. We would like to examine if this is reiterated in the int-2/fgf-3 mammary 
tumors in our system. The FGF receptors (FGFRs) are known to undergo exon switching (i.e. 
from Exon IITb to IHc) that would result in a change in their specificity to the FGF ligands 
during the progression of prostatic tumors[19]. We would like to assess if the overexpression of 
the int-2/fgf-3 transgene in the mammary glands could originate from this change. To achieve 
that, primers specific to the various FGFR will be used in RT-PCR analyses. 

The Sky receptor tyrosine kinase was demonstrated by Taylor et. al [20] to be 
upregulated in int-2/fgf-3, wnt-1 and wnt-l/fgf-3 bigenic mammary tumors. We would also like 
to assess if the Sky receptor tyrosine kinase is upregulated as a means to understand the potential 
targets of int-2/fgf-3 signaling pathway. 

CONCLUSIONS 

The HMMB 9478 line expressed the regulator at a high level detectable by Northern 
analysis and the mRNA is of the correct size. Based on analyses on the bitransgenic mouse #392 
that harbors this regulator and the fgf-3/int-2 target, we know that the regulator is functional and 
is able to activate the target gene. Our present study indicated that we do observe a modest 
induction of the int-2/fgf-3 target in our bitransgenic female mammary glands after RU486 
administration. However, the regulator appears to activate the target gene in the absence of 
RU486 administration. A likely explanation for this is that this regulator also contains the 
dimerization and activation domains of the Gal4 in addition to the RU486-dependent PRLBD. It 
is possible the regulator could dimerize and bind to DNA to transactivate the target gene in the 
absence of RU486 when it is produced in sufficient amounts. Unfortunately, we were unable to 
activate the 17X4 PyT or 17X4 Tag targets available at our disposal. 

The rapid tumorigenic events observed in the bitransgenic mice are unlikely due to 
collaborating events of MMTV-infections since bitransgenic females that are generated from a 
regulator female and a target male or vice versa developed similar tumors and hyperplasia at 
similar kinetics. It is most likely due to the exceedingly high levels of int-2/fgf-3 expression and 
the extended duration of expression that have precipitated these rapid events. 

It is interesting to note that the bigenic mice develop perinatal lethality between dpp 4 to 
7 and this fact accounted for the paucity of bigenic mice at weaning. At dpp 4, bigenic mice 
could be discerned by their bulging eyes and smaller size. Despite the bulging eyes (the eyelids 
are closed at this period) due to accumulation of serous fluid, histological analyses of the eyes 
revealed no obvious abnormalities when compared to a monogenic target control. The Harderian 
glands on the other hand manifested hyperplasia in the bigenic pups. This perturbation could be 
precipitated by the activation of int-2/fgf-3 expression by the regulator. Many of these mice 
appear to have various degrees of hydrocephaly and we are investigating this phenomenon 
presently. 
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The breeding of white regulator mice with int-2/fgf-3 targets yields the most surviving 
bigenic mice. It is likely that the ICR background present in these regulator mice could alleviate 
some of the perinatal defects and allow these bigenics to survive to weaning. At weaning, 
bigenic females develop mammary hyperplasia and nipple papillomas. The males develop gross, 
cystic and abnormal reproductive tracts, which are more dramatic than those obtained from the 
Leder mice [4]. These exaggerated phenotypes are similar to some of the abnormalities 
manifested by the int-2/fgf-3 mice generated by the Leder lab but we have also generated novel 
phenotypes: nipple papillomas and very accentuated cystic, engorged vas deferens, epididymi 
and ampullary glands. 

Our present model will provide an ideal opportunity for us to dissect the pathway of int- 
2/fgf-3 induced tumorigenesis. Analyses of exon switching in the FGFRs, expression profile of 
cell cycle genes in addition to those of other fgfs and the sky gene would help shed some light on 
this tumorigenic event. Furthermore, subtractive hybridizations performed to enrich for genes 
that are expressed only in the bigenic context could help us identify downstream targets of int- 
2/fgf-3. By the judicious breeding of our bigenic mice with others, we can also better understand 
other major players in mammary tumorigenesis. These efforts should prove highly valuable to us 
in achieving the far-reaching goals of our proposed research. 
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Figure 1. RT-PCR analysis for expression of MMTV-GLVP regulator. 

Figure 2. Schematic representation of improved MMTV-regulators. 

Figure 3. Transactivation potential of the MMTV-regulators on a 17X4-TATA-CAT reporter. 

Table 1. Summary of MMTV-regulator mice characterization. 

Figure 4. Detection of int-2/fgf-3 target gene expression. 

Figure 5. Northern analysis of MBGH regulator expression. 

Figure 6. Functional analysis of HMMB regulator. 

Figure 7. Northern analysis of HMMB regulator expression. 

Table 2. Summary of HMMB characterization. 

Figure 8. Northern analyses of HMMB transgenic tissues for regulator expression. 

Table 3. Summary of regulator expression studies in HMMB mice. 

Figure 9. Profile of regulator expression during mammary gland development. 

Figure 10. Gross pathology of 392 bigenic mouse. 

Figure 11. Wholemount analyses of bigenic mammary glands. 

Figure 12. Paraffin sections of bigenic mammary glands. 

Figure 13. Paraffin sections of wart-like structures(WLS). 

Figure 14. Northern analyses of bigenic tissues for regulator and target expression. 

Figure 15. Gross pathology of bigenic pup eyes. 

Figure 16. Coronal sections of bigenic and monogenic heads. 

Figure 17. Histological analyses of bigenic and monogenic eye paraffin sections. 

Figure 18. Histological analyses of bigenic and target Harderian glands. 

Figure 19. Gross pathology of bigenic nipple papillomas. 

Figure 20. Northern analyses of female bigenic tissues for regulator and target expression. 

Figure 21. Wholemount analyses of virgin mammary glands of bigenic, target, regulator, and 
wildtype mice. 

Figure 22. Histological analyses of 3-day-lactating bigenic mammary glands. 

Figure 23. Profile of bigenic mammary gland development. 

Figure 24. Gross pathology of 10-weeks-old male bigenic and target reproductive organs. 
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Figure 25. Northern analyses of male bigenic organs for regulator and target expression. 

Figure 26. Histological analyses of male bigenic and target ampullary gland sections. 

Figure 27, Histological analyses of male bigenic and target vas deferens sections. 

Figure 28. Histological analyses of male bigenic and target epididymi sections. 

Table 6. Summary of RT-PCR analyses of 17X4-TK-PyT target mice for PyT expression. 
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Figure 1. RT-PCR analysis for expression of MMTV-GLVP regulator. (A) Schematic representation of 
the RT-PCR methodology used. First-strand cDNA syntheses were primed using a specific reverse primer (pi) 
from 1 ng of total RNA isolated from mammary glands of each of the regulator founders with MMLV-RTase 
and subsequent PCR amplifications were performed using specific primers (p2 & p3) that flank an intron to 
amplify regulator cDNA and to discriminate against contaminating genomic products. (B) Visualization of 
amplified regulator cDNA products .   Amplified regulator cDNA products (350bp) were indicated by a single 
arrow head. The larger genomic products were indicated by double arrow heads. Cos: positive control RNA 
isolated from Cos cells transfected with the regulator plasmid. Marker: lOObp ladder from Gibco.   + and - 
denoted the presence and absence respectively of reverse transcriptase (RTase). The 4-digit notations 
represented the respective MMTV-GLVP founder lines. 
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Figure 5. Northern analysis of MBGH regulator expression. Total RNA (20 ug) isolated from mammary 
glands of MBGH regulator mice at different stages of mammary gland development were hybridized with the 
entire regulator cDNA. As shown in the REGULATOR autoradiogram, the MBGH regulator message was 
expressed at both the pregnant (Preg) and lactation (Lac) stages but was much larger than that of the functional 
lung regulator mRNA.   A seperate blot (ACTIN) consisting of the same RNA samples were hybridized with 
actin to control for RNA loading, wt: wildtype; Vir: virgin; Preg: pregnant; Lac: lactation; and Reg: regulator. 
The 28S and 18S denoted positions of the ribosomal RNA bands. 
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Figure 6. Functional analysis of HMMB regulator. (A) Schematic representation of the HMMB regulator 
contruct.   A more potent form of the regulator consisting of the Gal4 DNA (Gal4DBD) binding domain at the 
N-terminus followed by an extended progesterone ligand binding domain (PRLBD(914)) and a VP16 activation 
domain (VP16) at the C-terminus was constructed by cloning the cDNA sequences into the rabbit KCR fragment 
containing the bovine growth hormone polyadenylation signal (bGHpA) under the control of the MMTV 
promoter. To reduce the effects of integration, a 2.4 Kb dual-copy insulator fragment from the hypersensitive site 
IV (HS4) of the chicken ß-globin gene was placed at the 5' end of the transgenic contruct. (B) Transactivation 
potential of the HMMB regulator on a 17X4-TATA-LUCIFERASE reporter in T47-D cells. Transient 
transfections were performed in T47-D human breast cancer cells using 0.25 ng of HMMB regulator and 1.25 jj.g 
of reporter plasmids by the Lipofectin method from Gibco. Analysis of 25 jj.g of transfected cellular extracts 
revealed that a strong induction of Luciferase activity was seen only in the presence of RU486. + and - denoted 
the addition of 10"8M of RU486 and 80% ethanol vehicle respectively to cells. 
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Figure 7. Northern analysis of HMMB regulator expression. Total RNA (20 jag) isolated from mammary 
glands of each of the HMMB founders were hybridized with the entire HMMB regulator probe. As shown in the 
autoradiogram, only the 9478 line showed a strong expression of the regulator message at the expected size. The 
9475 line showed a very weak expression of the regulator that was detected only after prolonged exposure. The 
blot was then stripped and rehybridized with a cyclophilin probe to control for RNA loading. The 4-digit 
notations represented each of the HMMB founders tested, wt: wildtype; and Reg ►: position of regulator mRNA. 
28S and 18S represented the positions of the ribosomal RNA bands. 

Founder Sex TG copy # Transgene passage MG expression 

9475 F 50 Mendelian Very low 

9476 M 1 Mosaic ND 

9477 F ~5 Multiple Integ No 

9478 F -5 Mendelian High 

9480 M -10 Mosaic ND 

9481 M -10 Mendelian No 

Table 2. Summary of HMMB characterization. The HMMB founder mice were analyzed by Southern 
analyses to determine the copy number of the transgene (TG copy #) and passage of the transgene, and by 
Northern analyses for the expression of the transgene in the mammary gland (MG expression). As shown in 
the table, only the 9478 line expressed the regulator detected by Northern analysis (see Figure 7 also) and 
there was no correlation between copy number of the transgene and the expression level. The 9475, 9478 
and 9481 founders passed the transgene to their progeny in a Mendelian fashion; the 9477 line was a multiple 
integrant (Multiple Integ) and neither of its two segregated lines expressed the transgene; and the 9476 and 
9480 lines were mosaics that failed to pass the transgene to their progeny. ND: not determined. 
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Figure 9. Profile of regulator expression during mammary gland development. Northern analysis performed 
on 10 ng of total RNA isolated from transgenic mammary glands at various stages of development hybridized 
with the entire regulator probe showed that the regulator was constitutively expressed throughout mammary gland 
development. The levels of the regulator peak slightly during lactation (Lactdl) and were moderately detectable 
at 4 weeks of age. 392+: positive control RNA isolated from mammary glands expressing the regulator; MG1 
and MG2 denoted different preprations of mammary gland RNA from the same animal; vir: virgin; HOMO: 
homozygote; 4-wk: 4-weeks-old; 8-wk: 8-weeks-old; 11-wk: 11-weeks-old; and Lactdl: lactation day 1; and 
HMMB ► : position of regulator mRNA. 28S and 18S denoted the positions of ribosomal RNA bands. 
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d3pp(-RU) B       d6pp(+RU) 
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Figure 10. Gross pathology of 392 bigenic mouse. (A) Visualization of the 392 bigenic mouse 3-days post 
parturition (d3pp) revealed the presence of mammary gland tumors (MGt), wart-like structures (WLS) and a 
salivary gland tumor (SGt) in the absence of RU486 (-RU). The two mammary gland tumors from the right 4th 
and 5th mammary glands were then resected for analyses. (B) Depiction of the 392 bigenic mouse after receiving 
a dose of 250 |ig/Kg body weight of RU486 (+RU) for a period of 3 consecutive days (d6pp) revealed that the 
mammary gland swellings were still evident and the salivary gland tumor still persisted. The mouse has 10 
mammary glands and the respective positions of each were as indicated in the figures. 
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R4MG-WM(-RU) L3MG-WM(+RU) 
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Figure 11: Wholemount analyses of bigenic mammary glands. (A & B) Subgross analyses of the right 4th 
mammary gland R4MG-WM(-RU) of the 392 bigenic mouse in the absence of RU486 revealed densely-packed 
epithelial cells and the presence of a mammary tumor (*). The terminal end buds (teb) had not proceeded pass 
the lymph node (#) as the animal was about 7-weeks-old and clear regions of the fatpad (FP) could be observed . 
(C & D) Subgross analyses of the left 3rd mammary gland L3MG-WM(+RU) of the 392 bigenic mouse after 
receiving a dose of 250 ng/Kg bodyweight of RU486 for 3 consecutive days still showed the dense packing 
epithelial cells reminescent of the lactation phase. However, there was no enhancement of growth as the terminal 
end buds had not penetrated the fatpad. 
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R4MG-tumor(-RU) R4MG(-RU) 
9 

L3MG(+RU) L3MG(+RU) 

Figure 12. Paraffin sections of bigenic mammary glands. (A) Microscopic analysis of the tumor resected 
from the right 4th mammary gland R4MG-tumor(-RU) revealed numerous hyperplastic (hyp) regions made up 
of mammary ducts (md) interspearsed with blood vessels (bv) and collagen indicating that the tumor was of 
high grade. (B) Sectioning of the right 4th mammary gland wholemounts R4MG(-RU) also indicated many 
regions of hyperplasia comprising of mammary ducts around some normal adipose tissues (ad) and collagen 
stroma. (C) Microscopic analysis of the left 3rd mammary gland L3MG(+RU) revealed similar hyperplastic 
regions innervated by numeous blood vessels and surronding adipose tissues. (D) A region of the left 3rd 
mammary gland depicting numerous hyperplastic mammary ducts embedded in a fibrous collagen stroma. 
(-RU): without RU486 treatment and (+RU): after 3 doses of 250 ng/Kg bodyweight of RU486 treatment. 
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L2MG-outgrowth(-RU)      L4MG-outgrowth(-RU) 

Figure 13. Paraffin sections of wart-like structures (WLS). (A & B) Microscopic analyses of sections of the 
wart-like structure emanating from the left 2nd mammary gland, L2MG-outgrowth(-RU), revealed that they 
contained the diagnostic skin epithelia surronding numerous blood vessels (bv) and hyperplastic (hyp) mammary 
ducts (md).   (C & D) Analyses of the left 4th outgrowth L4MG-outgrowth(-RU) sections similarly revealed an 
amorphous structure consiting of hyperplastic mammary ducts of varying histological grade and blood vessels 
surrounded by the skin. (-RU): without RU486 treatment. 
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Gross morphology of 3-day-old A3 pup 

Figure 15. Gross pathology of bigenic pup eyes. (A & B) Dorsal view of a bigenic male pup showing an 
abnormally engorged right eye (RE) compared to a smaller left eye (LE). (C) Side view from the right depicting 
the dramatically enlarged right eye. (D) Side view from the left showing the smaller left eye. 
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Figure 16. Coronal sections of bigenic and monogenic heads. Equivalent planes of bigenic (BG) and target 
(TGT) head sections (A vs. B; C vs D; and E vs. F) were compared. (A & B) Comparison of a similar plane of 
the bigenic (A) and monogenic target (B) head sections showed that the target head was larger and better 
developed than the equivalent bigenic section. The spaces between the fused eyelids and the cornea (*) in the 
bigenic known to contain large amounts of serous fluid were clearly absent in the target section. The skin of the 
bigenic also appeared to be stretched possibly to accomodate the accumulation of fluid in the brain. (C-F) The 
bigenic head sections (C & E) indicated that there were exaggerated spaces between the brain and the skull 
notably absent in the target (D & F) sections indicating that hydrocephaly was probably occuring in the bigenic 
pup. 
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Figure 17. Histological anayses of bigenic and monogenic eye paraffin sections. (A & B) Comparison of 
bigenic (BG) and monogenic target (TGT) sections indicated the presence of a space (*) between the cornea and 
fused eyelid notably absent in the monogenic (B) sections. This region was filled with serous fluid and the skin 
covering the fused eyelid appeared to be stretched in the bigenic pup. (C & D) Higher magnifications of the 
respective bigenic and target sections revealed no abnormalities in the eye. (E & F) Comparison of the lens, 
iris and cornea of the bigenic and target pup also revealed no gross aberrations among them. L: lens. 
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30d-inv 

12-wk 

Figure 23. Profile of bigenic mammary gland development. (A-D) Comparison of wholemount analyses of 
virgin bigenic mammary glands at various stages of mammary development indicated that the mammary ductal 
tree in these glands did not grow passs the lymph node even at 12-weeks of age (D). (E-G) Following 
pregnancy and lactation, the glands developed massive hyperplasia (E & F) that failed to regress even after 1 
month (G). 4-wk: 4-weeks-old; 7-wk: 7-weeks-old; 9-wk: 9weeks-old; 12-wk: 12-weeks-old; 3d-Lac: 3-days 
lactation; 10d-Lac: 10-days lactation; and 30d-inv: 30-days involution. 
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Figure 24. Gross pathology of 10-weeks-old male bigenic and target reproductive organs. (A) The 
bigenic (BG) ampullary glands (Amp. Gld) indicated by the arrow were much larger and more cystic than those 
of the target (TGT) mice. (B) Comparison of the seminal vesicles of the bigenic and target mice revealed that 
those of the bigenic were less developed and appeared discolored and unhealthy. (C) The testes of the bigenic 
male appeared no different from those of the target mice. (D) The epididymi of the bigenic male were clearly 
larger than those of the target. (E) Comparison of the bigenic vas deferens revealed very dramatic differences 
in the size, texture and appearance when compared with those of the target. The bigenic vas deferens were also 
very cystic and hemorrhagic. (F) Comparison of the bigenic and target bladder revealed no gross abnormalities. 
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